In this paper, the four leg inverter controlled by the three dimensional space vector modulation (3D SVM) is used as the shunt active power filter (SAPF) for compensating the three phase four wire electrical network, by using the four leg inverter with 3D SVM advantages to eliminated zero sequence current, fixed switching frequency of inverter switches, and reduced switching losses. This four leg inverter is employed as shunt active power filter to minimizing harmonic currents, reducing magnitude of neutral wire current, eliminating zero sequence current caused by nonlinear single phase loads and compensating reactive power, and a nonlinear sliding mode control technique (SMC) is proposed for harmonic currents and DC bus voltage control to improve the performances of the three phase four wire four leg shunt active power filter based on Synchronous Reference Frame (SRF) theory in the dq0 axes, and to decoupling the four leg SAPF mathematical model.
Introduction
The increasing development of the industry has led research in the field of semiconductors and in particular power electronics. The results of these researches are very important in the industrial and improved significantly the process performances, which explains the high use of static converters in the industry, these great benefits are not without disadvantages, the main disadvantage is the static converters are nonlinear loads absorb reactive power and non sinusoidal current, which is very bad for the network, as a degradation of the current and voltage waveform quality [1 -3] . Today, many active compensators, or also called active filters are proposed and studied, they differs in how they connect to the network (series or shunt), by their functionality (current or voltage compensating) and the electrical structure of the power circuit (voltage or current inverter) [3 -5] . These active filters have, as main objective, to inject harmonic currents or voltages in the electrical network, equal to that absorbed by the non-linear load and in phase opposite, consequently it improve the powers quality and power factor [6 -8] .
The three leg shunt active power filters for three phase three wire and four wire distribution systems have already been presented [9 -10] . These three leg shunt active power filters can compensate the harmonic current generated by nonlinear three phase loads; however they are not preferable to compensate the harmonic current due to nonlinear single phase loads connected to the four wire distribution systems and the amplitude of the zero sequence current is not reduced. To remedy these problems it will be necessary to provide a four leg shunt active power filter [11] [12] [13] [14] .
The four leg shunt active power filter topology, Fig.1 , can reduce zero sequence current and the harmonic currents cussed by nonlinear single phase loads in three phase four wire electrical network. This topology based on four leg inverter, which is the most common one because of its good efficiency. Its performance depends on the adoptive control approaches, for this, there are four major parts of an active power filter controller. The first is the reference signal generate techniques, the second is the switching signals generate techniques, the third is the harmonic currents and DC bus voltage control, and the fourth is the four leg inverter.
In this paper, the synchronous reference frame theory in the dq0 axes for the reference signals generate is applying, and we use the 3D SVM technique for generating the switching signals, [13 -19] , and also the nonlinear sliding mode control (SMC) is used to harmonic currents and DC bus voltage of four leg SAPF controller, because the advantages of robustness and stability under unbalanced or large loads variations, decoupling the nonlinearity of these four leg SAPF mathematical model, eliminated the DC bus voltage overshoot, minimizing the harmonic currents, simple to obtain, and has been widely applied to electrical power systems and electrical machine drives [20 -27] .
Structure and Modeling of the Three Phase
Four Wire Four Leg SAPF
The three phases four wire four leg shunt active power filter topology presented in this paper is shown in Fig. 1 [3, 12 -13] SAPF is shunt connected to a three phase four wire electrical network in a point called the Point of Common Coupling (PCC) on the loads side through a filter featured as L f  R f . This is necessary for eliminating current ripples due to switching [3] . The four leg inverter is composed by four legs, each leg of the inverter is composed of two switches, and each switch is constituted by a transistor with anti-parallel diode, and DC side capacitor is used to store the necessary reactive energy Fig. 1 .
The neutral current i sn and zero sequence current i o are given by
where 1 Equation (2) expresses the inverter output voltages. These output voltages are expressed as a function of the voltage (V dc ), and of the switching functions S ij [12, 15, 18] 1 1
where v fi are phase-to-neutral voltages (i = 1, 2, 3, n), S i is switching state and V dc is DC bus voltage. The input current i d of the four leg inverter is calculated as (3).
The vector tension of the four leg inverter is represented by: The space vector diagram of a four leg inverter is showed in Fig. 2 . They are 16 possible switching vectors: fourteen active vectors and two null vectors of four leg inverter.
The four leg SAPF mathematical model in the dq0 axes is given by [13] .
The Three Dimensional Space Vector Modulation (3D SVM)
In three dimensional space vector modulation (3D SVM), there are 16 possible switching vectors: fourteen active non zero vectors and two null vectors [7 -8] .
Six prisms in the 3D space vector diagram can be identified and numbered as Prisms I through VI, each of these six prisms is decomposed into four tetrahedrons are labeled T 1 T 4 . Within the selected prism, there are six none zero switching state vectors and two zero switching state vectors [13] . This method is represented and studied in detail as [15 -19] .
Sliding Mode Control
The three phase load currents, 1 2 3 , , 
Based on the SRF theory [28, 29] , the currents l d i and l q i can be expressed as the sum of two components, one direct and the other is alternative, such as: 
where:
The current i dc at the output of DC bus voltage controller used to compensated the losses power of four leg inverters and to conserved the necessary reactive energy stored in the DC side capacitor is calculated as follow [11] :
where y 1 and y 2 are switching functions
The sliding surface S(x 4 ) of the DC bus voltage is given by (15) 
During the sliding mode, we have
The control variables are given by:
Solving (9) gives the expression of the equivalent command as follows:
If the trajectories are different from the state of the sliding surface, the discontinuous control ensures decrease the distance between the state trajectory and the sliding surface [22, 26] . This command is selected to ensure the convergence of the path to its reference [14] . In our case, we chose the discontinuous control function as:
Simulation Results
The SimPower Systems and S-Function of MATLAB are used for implemented the three phase four wire four leg shunt active power filter controlled by nonlinear sliding mode technique Fig. 3 .
The components, parameters, and conditions considered for simulation are listed in Table 1 and 2. 4 and 6 illustrates the three phase four wire four leg SAPF performance with the two controller (PI and SMC) under unbalanced loads, the source currents waveform is sinusoidal and in phase with the corresponding voltage (the power factor is unitary). The amplitude of the neutral wire current is in the range of ±6A with PI controller and the range of ±3A with Sliding Mode controller, the DC bus voltage control presents good dynamic and static characteristics without overshoot. When the unbalanced loads, the voltage converges to the given value with a short time adjustment.
Figs. 5 and 7 Illustrates the Harmonic spectrum of source current for the two theories, before unbalanced loads, total harmonic distortion (THD) is 1.19% with PI control and 0.87% with SMC, when after a 1.91% with PI control and 1.77% with SMC. Table 3 gives the THD and amplitude of neutral wire current comparison between the two control techniques PI and SMC using Matlab/ Simulink. The amplitude of the neutral current (A) ±6A ± 3A
Conclusion
In this work we studied and verified with the simulation of a nonlinear sliding mode control technique for reference harmonic currents and DC bus voltage regulation based on Synchronous Reference Frame (SRF) theory and three dimensional space vector modulation (3D SVM), to generate reference harmonic currents and switching signals respectively, for a four leg shunt active power filter, have shown high performance of four leg shunt active power filter to eliminated zero sequence current, fixed switching frequency, reduced magnitude of neutral current, and power factor correction in the three phase four wire network.
The obtained simulation results of these SAPF with sliding mode control shows the four leg shunt active power filter under unbalanced loads is capable to compensate harmonic currents, reactive power, eliminated zero sequence current, and also shows better dynamic performance over conventional PI controller.
